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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Jition of ISO 6798-1, together with 1S0.6798-2, cancels and replaces ISO 6798:1995, w
Chnically revised. The main changes-compared to the previous edition are as follows:

llirements of the test environment and the measurement uncertainty have been change
iracy of measurement results has been changed from 1 dB to 0,1 dB;
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)

llirements of inStallation of engine and auxiliaries have been specified clearly;
cification for-measurement units has been added;

erionfor position adequacy of microphone has been added;

are
- the

pes of ISO documents should be noted. This document was drafted in accordanee with the

ct of
Is of
d/or

b not

and
the

org/

hich

d;

mula

etion for acoustic adequacy of test environment has been improved.

Alist of all parts in the ISO 6798 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

1:2020(E)

The ISO 6798 series can be used to calculate the sound power level by using the sound pressure level on
a measurement surface enveloping a noise source.

The measurement result of sound power level has nothing to do with the test environment and the
installation conditions of the noise source, which is one of the important reasons for using sound power
level to characterize the noise radiation of different types of machinery and equipment.

Sound power level has the following applications:

Tabl

ndication of noise radiated from machinery under the specified condition;

validation of the indicated value of a noise;

Fadiation noise comparison of different types and sizes of machinery;

romparison of the noise limit value specified in the purchase contract ar-specification;

making engineering measures to reduce radiation noise of machinery (generally, th
band sound power level is also needed);

prediction of the sound pressure level of noise in the specifiéd position.

P 1 gives the measurement methods for determining the sound power level of two types
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pow|
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bang

Tabll
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In t

, these measurement methods apply to the measurement on the enveloping sur

e
}798 series. The measurement result of the sound power level is rounded to the nearest

od given in this document allows the determination of the A-weighted and frequency-
er level, the accuracy of the measurement result is grade 2. The A-weighted sound pow
be calculated from frequency band sound:péwer levels, but the calculated result fron
| data can differ from what is determined from the measured A-weighted sound pressu

p 2 gives the measurement uncergainty of the sound power level (upper bound v4

t of the measurement uncertainty, but do not include variations of the sound power lev
llation and operation conditions of the noise source.

he noise control of alreéciprocating internal combustion engine, the relevant me

manufacturers, installers§, and users) should conduct effective communication of acoustic

whig
mea
docu
nois

surement conditiohs by using the instrumentation and measurement method as spec
ment to obtdinva clear acoustic value. The ISO 6798 series can be used according to thg
e measurenyent and measurement conditions.

b frequency

of accuracy
face in the
0,1 dB. The
band sound
er level can
h frequency
re levels.

lues of the

dard deviation of reproducibility). The standard deviations listed in Table 2 are the conpiprehensive

bl caused by

mbers (the
nformation

h is obtained from measurement. The measurement result is valid when in the specified

ified in this
purpose of

Table 1— How the ISO 6798 series determines the sound power level using sound pressure

ISO 6798-1 IS0 6798-2

Parameters Engineering method

Accuracy grade 2

Survey method

Accuracy grade 3

International Standards referenced

ISO 3744 ISO 3746

An essentially free field over An acoustic field

Test environment .
areflecting plane

areflecting plane

over

Noise source volume Unlimited, depending on the test environment

ALy, > 6,0 dB ALy, 23,0 dB

Criterion for background noise?
K ,<1,3dB K,,<3,0dB

Criterion for acoustic adequacy
of test environment? Kap=4,0dB Kya=70dB
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Table 1 (continued)

Parameters

IS0 6798-1
Engineering method

Accuracy grade 2

IS0 6798-2
Survey method

Accuracy grade 3

Criterion for position adequacy
of microphone¢

S(L'pam) < 1,0 dB

s(EpAm )S\/EdB

Instrumentationd

sound level meter/filter/sound
calibrator

Class 1/class 1/class 1

Class 2/class 2/class 1

Sound|power level acquired

A-weighted or frequency bands

A-weighted

Application

Acceptance test of sound
power level; making
engineering measures

Comparative test of sound

power level

o

(s}

For the difference of sound pressure level, ALpA, and the background noise correction, Ky, sée 8.3.2.

For the erjvironmental correction, K,,, see 8.3.3.

For the stpndard deviation, s(L'ps ), see Z.7.

For the rdquirements of instrumentation, see Clause 5.

Table 2 — Measurement uncertainty of the sound powerdevel (upper bound values
of the standard deviation of reproducibility)

Mid-band frequency IS06798-1 ISO 6798-2
Hz standard deviation of standard deviation ppf
reproducibility reproducibility
Octavé¢ bands One-third-octave bands

dB dB
43 50 to 80 5,0
1p5 100 to 160 3,0
2b0 200 to 315 2,0
5p0 400 to630 1,5
1000 o 4 000 800(to,5000 1,5
8000 6.300to 10 000 2,5

A-weighted 1,5 3,0

vi
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Part 1:

1 Bcope

This| document specifies the engineering method, which is the measurement method o
powgr level for reciprocating internal combustion engines.

This| document applies to all reciprocating internal combustion engines falling within
appljcation of ISO 3046-1 and other internal combustion engine$ where no suitable Iy
Standard exists.

NOTE In this document, reciprocating internal combustion enhgines are referred to as en
othefwise explained.

2 Normative references

The [following documents are referred to in the’text in such a way that some or all of their content
congtitutes requirements of this document..For dated references, only the edition cited
undgted references, the latest edition of the'referenced document (including any amendments) applies.
ISO 3046-1, Reciprocating internal combustion engines — Performance — Part 1: Declarations g
and {ubricating oil consumptions, and test methods — Additional requirements for engines for ge
ISO B046-3, Reciprocating internal combustion engines — Performance — Part 3: Test measur
ISO 926, Acoustics — Requirements for the performance and calibration of reference sound 3
for the determination aof.sotind power levels

IEC $0942, Electroacoustics — Sound calibrators

IEC $1260-1, Electroacoustics — Octave-band and fractional-octave-band filters —Part 1: Spe
IEC 1672-1; Electroacoustics — Sound level meters —Part 1: Specifications

3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3046-1, ISO 6926, IEC 61260-1,
IEC 61672-1 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

© IS0 2020 - All rights reserved
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3.1.1
sound pressure

difference between the instantaneous pressure and the static pressure
Note 1 to entry: It is expressed in pascals (Pa).
[SOURCE: ISO 80000-8:2007, 8-9.2, modified — Notel to entry has been added.]

3.1.2

sound pressure level

L
p

ten times t]jle logarithm to the base 10 of the ratio of the square of the sound pressure (3.1.1), g, t(L the

square of a feference value, p,,

Note 1 to enffry: Sound pressure level is calculated using Formula (1):

p?
L =10%lg| — @8]
p 2
Py
where

p  isthe sound pressure;

po isthereference value, which equals 20 pPa.

Note 2 to enfry: If specific frequency and time weightings, as specifiedin IEC 61672-1, and/or specific freqyency
bands are applied, this is indicated by appropriate subscripts, e.g. L denotes the A-weighted sound pressure |evel.

Note 3 to enffry: It is expressed in decibels (dB).
[SOURCE: I§0 3744:2010, 3.2, modified — Editorial modifications have been made.]

3.1.3
time-averaged sound pressure level
L
b,T
ten times the logarithm to the base 10 of'the ratio of the time average of the square of the sound pregsure
(3.1.1), p, dyring a stated time interval of duration, T (starting at ¢; and ending at ¢,), to the squarg of a

reference value, p,

Note 1 to enffry: the time-averagedsound pressure level is calculated using Formula (2):

1 ¢t
?J‘tzpz(t)dt
L, =19xlg| T 2)
by

where

p  isthe sound pressure;
po isthe reference value, which equals 20 pPa;

T isastated time interval of duration.

Note 2 to entry: In general, the subscript “T” is omitted since time-averaged sound pressure levels are necessarily
determined over a certain measurement time interval.

Note 3 to entry: Time-averaged sound pressure levels are often A-weighted, in which case they are denoted by
L,a,» which is usually abbreviated to L.

Note 4 to entry: It is expressed in decibels (dB).

[SOURCE: ISO 3744:2010, 3.3, modified — Editorial modifications have been made.]

2 © IS0 2020 - All rights reserved
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3.14
surface time-averaged sound pressure level

Ly

mean (energy average) of the time-averaged sound pressure levels (3.1.3) over all the microphone
positions, or traverses, on the measurement surface, with the background noise correction, K;, and the
environmental correction, K,, applied

Note 1 to entry: It is expressed in decibels (dB).

[SOURCE: ISO 3744:2010, 3.18, modified — Editorial modifications have been made.]

3.1.
measurement time interval

portfion or a multiple of an operational period or operational cycle of the noise source under test for
whigh the time-averaged sound pressure level (3.1.3) is determined

Note|1 to entry: It is expressed in seconds (s).
[SOYRCE: ISO 3744:2010, 3.5, modified — Editorial modifications have‘been made to Note 1 to entry.]

3.1.
acoystic free field
sourld field in a homogeneous, isotropic medium free of bounidaries

Note|1 to entry: In practice, an acoustic free field is a field in which the influence of reflections at thg¢ boundaries
or other disturbing objects are negligible over the frequencyyange of interest.

[SOURCE: ISO 3744:2010, 3.6]

3.1.7
reflecting plane
sourfd- reflecting planar surface on whigh:the noise source under test is located

[SOYRCE: ISO 3744:2010, 3.8]

3.1.1

acoystic free field over a reflecting plane
acoustic free field (3.1.6) imthe half-space above an infinite reflecting plane (3.1.7) in the abgence of any
other obstacles

[SOYRCE: ISO 3744:2010, 3.7]

3.1.

frequency.range of interest
freqpeney.range of octave bands with nominal mid-band frequencies from 63 Hz to 8 000 HE. (including
one-third octave bands with mid-band frequencies from 50 Hz to 10 000 Hz)

Note 1 to entry: For special purposes, the frequency range can be extended or reduced, provided that the test
environment and instrument specifications are satisfactory for use over the modified frequency range. Changes
to the frequency range of interest are included in the test report.

[SOURCE: ISO 3744:2010, 3.9, modified — Frequencies have been changed.]

3.1.10

reference box

hypothetical right smallest parallelepiped terminating on one reflecting plane (3.1.7) on which the noise
source under test is located, that just encloses the source including all the significant sound radiating
components

[SOURCE: ISO 3744:2010, 3.10, modified — Test table has been deleted.]

© IS0 2020 - All rights reserved 3
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3.1.11

measurement distance

d

distance from the reference box (3.1.10) to a parallelepiped measurement surface

[SOURCE: ISO 3744:2010, 3.12, modified — Note has been deleted.]

3.1.12

measurement surface

S

hypothetical parallelepiped surface of area on which the microphone positions are located at which the

sound press|
the reflectin

[SOURCE: I
3.1.13

[T7e levels (3-1.2) are measured, enveloping the Noise SOUrce Under test and terminati
g plane (3.1.7) on which the source is located

0 3744:2010, 3.14]

background noise

noise from

h1l sources other than the noise source under test

Note 1 to entry: Background noise includes contributions from airborne sound, noise from structure-j

vibration, an|
[SOURCE: IS
3.1.14

d electrical noise in the instrumentation.

0 3744:2010, 3.15]

backgrounid noise correction

K;
correction
over all the
background,

Note 1 to ent
band is deno

applied to the mean (energy average) of the\time-averaged sound pressure levels (3
microphone positions on the measurement@urface (3.1.12), to account for the influen
noise (3.1.13)

['y: The background noise correction is fréquency dependent; the correction in the case of a freqy

1A-

Note 2 to enffry: It is expressed in decibels{dB).

[SOURCE: I
3.1.15

0 3744:2010, 3.16]

environmental correction

K;
correction
over all the
reflected sa

Note 1 to enf

bpplied to‘the mean (energy average) of the time-averaged sound pressure levels (3
microphone positions on the measurement surface (3.1.12), to account for the influen
und

ry.The environmental correction is frequency dependent; the correction in the case of a freqy

g on

orne

.1.3)
e of

ency

ted by K;; where f denotes the relevant'mid-band frequency, and that in the case of A-weighting is
denoted by K

.1.3)
re of

ency

band is denoted by K,; where f denotes the relevant mid-band frequency, and that in the case of A-weighting is
denoted by K5 4.

Note 2 to entry: It is expressed in decibels (dB).

[SOURCE: ISO 3744:2010, 3.17, modified — Note 3 has been deleted.]

3.1.16

sound power

w

through a surface, product of the sound pressure (3.1.1), p, and the component of the particle velocity, u

at a point on the surface in the direction normal to the surface, integrated over that surface

n’

Note 1 to entry: The quantity relates to the rate per time at which airborne sound energy is radiated by a source.

© IS0 2020 - All rights reserved
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Note 2 to entry: It is expressed in watts (W).
[SOURCE: 1SO 3744:2010, 3.20, modified — Symbol has been changed.]

3.1.17

sound power level

Ly,

ten times the logarithm to the base 10 of the ratio of the sound power (3.1.16) of a source, W, to a
reference value, W

Note 1 to entry: the sound power level is calculated using Formula (3):

w

0

where

W is the sound power;

W, is the reference value, which equals 1 pW.

Note|2 to entry: If a specific frequency weighting, as specified in IEC 616%2-1, and/or specific frequency bands
are applied, this is indicated by appropriate subscripts, e.g. L, denotes the' A-weighted sound powe} level.

Note|3 to entry: It is expressed in decibels (dB).

[SOURCE: ISO 3744:2010, 3.21, modified — Editorial modifications have been made.]

3.2 | Symbols
Symbol Description Unit
2a measurément surface length m
2b measurement surface width m
c measurement surface height m
d measurement distance m
ES flywheel side —
1, reference box length m
L reference box width m
I reference box height m
rg size ratio —
. key microphone positions —
° additional microphone positions —
a reflecting plane —
“ reference box —

4 Test environment

4.1 General

The test environments that are applicable for measurements in accordance with this document are as
follows:

a) a room or a flat outdoor area which is adequately isolated from background noise and which
provides an acoustic free field over a reflecting plane, or;

© IS0 2020 - All rights reserved 5
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b) aroom or a flat outdoor area which is adequately isolated from background noise and in which an
environmental correction can be applied to allow for a limited contribution from the reverberant
field to the sound pressures on the measurement surface.

Environmental conditions having an adverse effect on the microphones used for the measurements (e.g.
wind, impingement of air discharge, high or low temperatures) shall be avoided. The instructions of the
manufacturer of the measuring instrumentation regarding adverse environmental conditions shall be
followed. Particular care should be exercised to ensure that any plane does not radiate any appreciable
sound due to vibrations.

4.2 (Criterion for background noise

The time-ayeraged sound pressure level (abbreviated as sound pressure level in the following text) of
the backgrgund noise measured and averaged over the microphone positions shall be at least 6, dB,
and prefergbly more than 15,0 dB, below the corresponding uncorrected sound pressure.level of the
noise sourcg under test when measured in the presence of this background noise.

For the medsurements in frequency bands, the criteria for background noise may‘fiot be achievalle in
all frequeng¢y bands, even when the background noise levels in the test room ‘ave extremely low] and
well controlled. In this situation, for the measurements in frequency bands, thefollowing steps shdll be
followed to|determine whether the requirements of the background noise etiteria are met.

a) Calculate the data from every frequency band within the frequen€y)range of interest to A-weighted
sound power level.

b) Delete hose bands within the frequency range of interest in wihich the A-weighted sound power |evel
of the npise source under test is at least 15,0 dB below theltighest A-weighted sound power leve] and
for whith ALy, < 6,0 dB (see 8.3), then repeat the calculation of A-weighted sound power level.

c) Ifthe cqlculation value difference between a) and'bJ'is less than or equal to 0,5 dB, the A-weighted
sound power level determined from the data fapall bands may be considered as conforming t¢ the
background noise criteria of this document:If the calculation value difference between a) and|b) is
larger than 0,5 dB, the measurement is negvalid.

4.3 Criterion for acoustic adequacy of test environment
Annex A spgcifies the procedures fordetermining the environmental correction, K,.

As far as i$ practicable, the.fest environment shall be free from reflecting objects other thar the
reflecting pllane (the ground)) The reflecting plane shall extend at least 0,5 m beyond the projection of
the measurgment surface on the plane. The sound absorption coefficient of the reflecting plane shqll be
less than 0,] in the freguency range of interest.

NOTE1 Smooth concrete or smooth sealed asphalt surface(s) can meet the requirements.

Measurements.ih accordance with this document are only valid when K, < 4,0 dB.

NOTE2 When 4,0 <K, <70, seelSO 6798-2. If necessary, ISO 9614 (all parts) can be used.

NOTE3 The environmental correction, K5, is assumed to be zero for measurements made in hemi-anechoic
rooms which meet the requirements of [SO 3745.

The environmental correction, K5, shall be first determined without reference to frequency band data,
using one of the procedures in Annex A. Where it is decided to make measurements in frequency bands,
the relevant environmental correction K, and the sound power level of the noise source Ly, shall be
determined in each band over the frequency range of interest in accordance with A.2 or A.3. L, of a
noise source shall be calculated in accordance with Annex B.
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Instrumentation

General
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The instrumentation system, including the microphones, cables and windscreen, if used, shall meet the
requirements of IEC 61672-1, class 1, and the filters shall meet the requirements of I[EC 61260-1, class 1.

5.2

Calibration

Before and after each series of measurements, a sound calibrator meeting the requirements of

[EC

syst
diffi
ore

The
refel
alal

Unle

the instrumentation system, filter and the reference sound source should be calibrated at i1

exce

5.3

To m

mounted on a rigid frame or stand which is not conneeted to the vibrating surface, the micrd
ys be oriented in such a way that the angle-of incidence of the sound waves is that for which the

alw{
micy
unit

The
metq
shal
charn
engi
expr|

The
is b

6

m at one or more frequencies within the frequency range of interest. Without any adju
rence between the readings made before and after each series of measurements,shdll
ual to 0,5 dB. If this value is exceeded, the results of the series of measurements shall b

sound calibrator, filter and the instrumentation system which meet thé\requiremer
ence sound source (RSS) that meets the requirements of ISO 6926, shall be verified at
oratory making calibrations traceable to appropriate standards.

ss otherwise specified, the sound calibrator should be calibrated at'intervals not excee

eding 2 years.

Application

[inimize the influence of observers on the noise measurements, the microphones shall b

ophone is calibrated and always be oriented to the centre of the tested object (the m
s) related to the microphone position):

sound pressure level shall be measutred using an integrating sound level meter. If the
br is used to measure time-weighting sound pressure level, the time-weighting chara
be used for the noise sourge ‘under test operated in steady condition and the tim
acteristic “F” shall be used\for the noise source under test operated in non-steady co
he operated in the accelerated or decelerated condition). The measured average v
essed as the sound préssure level.

period of stationary measurement for the sound pressure level shall be at least 4 s, §
tter.

[nstallation and operation conditions

measuring
stment, the
be less than
b discarded.

1ts, and the
intervals in

ding 1 year,
htervals not

b preferably
phone shall

pasurement

sound level
Cteristic “S”
e-weighting
hdition (e.g.
hilue can be

s or above

6.1

General

The way the engine under test is installed and operated has a significant influence on the sound power
radiated by a noise source. This clause specifies conditions that are intended to minimize variations in
the sound power level due to the installation and operating conditions of the noise source under test.

The

engine is a multiple noise source, including the following noise sources:
air-borne noise (this document);

exhaust gas noise;

intake-air noise;

structure-borne noise.
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NOTE
ISO 13332.

For exhaust noise, see ISO 15619; For intake noise, see ISO/TS 19425; For structural noise, See

6.2 Installation conditions

The engine to be tested shall be installed with respect to, or driven on, the reflecting plane (the ground),
the engine shall be located at a sufficient distance from any reflecting wall(s) or the ceiling or any
reflecting object(s) so that the requirements given in 4.2, 4.3 and 7.4 are satisfied on the measurement
surface.

The engine noise radiated is affected by supporting type of engine, connection type with dynamometer

equipment,

If the moun
a sufficient
mounting b

the mounti

sound radia
noise and nf

The engine
affects engi

The distang

reflecting pllane (the ground) shall be less than or equal to 0,5 m.

6.3 Engil

6.3.1 Eng

The engine
of engine sk
etc., if equi
engine und
be regarded

NOTE1 F
the test dist
outlet) can b
NOTE2 F

It is essenti

for some enjgines.with specified purposes (such as motorcycles). Noise radiated from this equipme

non-basic a
shall be ten

Ine noise radiation.

installation height etc.

[ing base is rigid, the engine shall be resiliently mounted on the base, the mounting basq
y high mechanical impedance to prevent extraneous noise radiation from vibration. I
nse is resilient, the engine may be rigidly mounted on the base and the natural frequen

hg base shall be \/5/2 times lower than the firing frequency under testOtherwise

ting from the foundation as a result of structure vibration shall be treated as extran
inimize its effect.

chall be resiliently connected with dynamometer equipment to avoid coupling with it, w

e between the engine lowest noise radiation surface _(usually is oil pan bottom) and

e conditions and operation conditions

line conditions

noise radiated is affected by the auxiliaries which are equipped on the engine; the cond
all meet the requirements of 1SO.3046-1. Any air cleaner, exhaust silencer and cooling

bped, shall be recorded in the report. A gearbox or any driven machinery which load

b1 test should be stated in the report. Noise radiated from any such driven machinery
as extraneous noise.

br the determination of-theSound power level of exhaust noise, see ISO 15619. For special purp|
hince starts from thescontour of the exhaust pipe and a number of measuring points of two (9
e used although net'recommended.

br the determination of the sound power level of intake noise, see ISO/TS 19425.

bl to use‘equipment or non-basic auxiliaries (such as a blower for cooling) to do bench

ixiliaries shall be regarded as extraneous noise, or this equipment or non-basic auxili

b has
f the
Cy of

any
PousS

hich

the

tion
fan,
the
hall

oses,
0° to

test
nt or
iries

porarily turned off to ensure that the engine can operate normally.

The extraneous noise is a part of background noise; appropriate steps shall be taken to reduce
extraneous noise in order to comply with 4.2. This can be done by shielding or wrapping the structure
surface with a heavy material that has low transmission capabilities in the frequency range of the
extraneous noise, and by using a muffler to reduce the aerodynamic noise (gas/liquid).

6.3.2 Operating conditions

For the noise measurement, the engine shall be operated at the ISO standard power and corresponding
rate as defined in ISO 3046-1 under the ISO standard reference conditions in a steady state. At that
time, the temperature of the oil and coolant shall be stable, the ambient and intake air temperature
shall not be higher than 45 °C.
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Measurements can be made in accelerated/decelerated conditions and other operating conditions if
necessary, all measurements made in such conditions shall be stated in the test report.

The engine power and corresponding rate shall be measured according to the requirements of
ISO 3046-3.

7 Measurement

7.1 General

or i frequency bands) of the noise source from sound pressure levels (A-weighted oOr in frequency
bands) measured on a measurement surface enveloping the noise source in ancenvirgnment that
appijoximates to an acoustic free field over a reflecting plane, which provides a\relative]y complete
evalpation about the engine. This method can be used for acceptance tests and éngineering/measures.

Engineering method (accuracy grade 2) is a method for determining the sound power levelj\A-weighted

NOTE1 The aim of engineering method in measuring the sound power level is tg-obtain accuracy grade 2 test
resujts. When the correction for background noise and/or the environmental ¢onrection and/or th¢ installation
condjition and/or microphone locations cannot meet the requirements of this-decument, accuracy grade 3 result
of solind power level is obtained (see ISO 6798-2).

NOTE 2  Ifdeclaration is necessary, see ISO 4871.

In orfder to facilitate the selection of the measurement surface'and the arrangement of the mlicrophones,
the eference box and measurement distance shall first he determined for noise measureme¢nt.

The |measurands include the sound pressure level0f noise source under operation and the sound
presgure level of background noise when the noisesource does not work.

7.2 | Measurement uncertainty

The measurement uncertainty of the sotind power level determined in accordance with this document
shal] meet the requirements of Table(3;

Table 3 — Measurement uncertainty of sound power level (upper bound values of th¢ standard
deviation of reproducibility)

Engineering method
Mid-band frequency standard deviation of
Hz reproducibility
dB
O¢tave bands One-third-octave bands
63 50 to 80 5,0
125 100t0 160 3.0
250 200 to 315 2,0
500 to 4 000 400to 5000 1,5
8000 6300 to 10 000 2,5

NOTE 1 The standard deviations are associated with the test conditions and procedures defined in this document,
including the methods of arrangement of microphones and the measurement procedures of environmental correction but
not with the noise source itself, i.e. variations of installation and operation conditions.

NOTE 2 For a family of noise sources, with similar size or similar sound power spectra, and/or several laboratories using
the same/similar facilities and instrumentation, the uncertainty associated with interlaboratory variability is less than the
values given in this table.

NOTE 3 The standard deviations of reproducibility include the standard deviations of repeatability; this uncertainty is
usually much smaller than the uncertainty associated with interlaboratory variability.

NOTE 4 The standard deviations are applicable to measurements on an individual noise source.
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Table 3 (continued)

Engineering method
Mid-band frequency standard deviation of
Hz reproducibility
dB
Octave bands One-third-octave bands
A-weighted 1,5

NOTE 1

The standard deviations are associated with the test conditions and procedures defined in this document,
including the methods of arrangement of microphones and the measurement procedures of environmental correction but

not with the

NOTE 2 For
the same/sim
values given

NOTE 3 The
usually much|

NOTE 4 The

hoise source itself, i.e. variations of installation and operation conditions.

h family of noise sources, with similar size or similar sound power spectra, and/or several laborateries
ilar facilities and instrumentation, the uncertainty associated with interlaboratory variability isTess tha
n this table.

standard deviations of reproducibility include the standard deviations of repeatability; this uncertain
smaller than the uncertainty associated with interlaboratory variability.

standard deviations are applicable to measurements on an individual noise sources-

sing
h the

ty is

The measur
of confiden
90 % confid
of the meas

NOTE F
acceptance i

7.3 Refel

When defin
not signifid
parallelepip
otherwise

7.4 Meas

For noise s
noise is mu

ement uncertainty depends on the standard deviation of reproducibility and on the de
Ce that is desired. As examples, for a normal distribution of sgund power levels, the
ence that the true value of the sound power level of a source lies within the range #1,
ired value and 95 % confidence that it lies within the range+1,960 of the measured vz

5 95 % and 95 % confidence that the probability of acceptance is 97,5 %.

"ence box

ing the dimensions of the reference box, elements protruding from the engine which
ant radiators of sound energy should“be disregarded. For safety reasons, the refer
ed may be made sufficiently large toinclude danger areas, for example, moving parts
tationary machine.

urement distance

purce of unfavourable~acoustic conditions (e.g. there are many reflectors, the backgr
Ch higher), a shorterineasurement distance can be selected. For noise source satisfyin

acoustic co

The recom
from the se¢

selected frgm the fellowing series: 0,25 m, 0,315 m, 0,4 m, ..., 5,0 m, 6,3 m, 8,0 m. The distance bety

the measur

Ild
ended medsurement distance, d, is 1,0 m. The selection of measurement distance

itions, a largerflmeasurement distance can be selected.

ries: 0,25~m, 0,5 m, 1,0 m, 2,0 m, 4,0 m, 8,8 m takes precedence. The value may alsg

ement’Surface and wall(s) and ceiling should be equal to or greater than 0,25 m.

b tha critarion o0 o cibioy

ogree
re is
)40R
lue.

br a normal distribution of sound power levels, there is.90 % confidence that the probability of

are
ence
bf an

und
v the

alue
o be
veen

NOTE F

adaaguacu of maicranbhonac can 77
A= arw e

Tt C- et T O TOT P o STTro oo c oty O i Cr o ponts;5

7.5 Measurement surface and area

The parallelepiped measurement surface area, S, in square metres (m?), is given by Formula (4):

S=4(ab+bc+ca)

where

10

(4)
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a=0,511 +d;
b=0,51, +d ;

c:l3+d.

Microphone positions

1:2020(E)

Divide each measurement surface into rectangular area units of equal size as few as possible, the
maximum length of the side of the area unit is rd (ry is size ratio, which is the ratio of the maximum

leng
posi
thos

NOT

NOT
does

If th
driv
posi

microphone position(s) shall be recorded [see Clause 9.d)2)].

1y g = )

microphone

ions specified in this document are located in the centre and corners of each areajyinit (except

falling into the position of the reflecting plane). Typical examples of the mictophdgne position

gement are shown in Figure 2 to Figure 6; other types of different number of measu
be obtained by the microphone positions in this way.

not reflect the absolute size.

F measurements at any position are not permissible due<to machine obstructions (dj
bn machinery, etc.) or safety reasons, or are being adversely affected by air flow e
fion(s) as close as is practicable to the prescribed position(s) shall be selected. Any s

<rsd

rement unit

£ 1 Reducing the value of r, until the number of rectangular areas increases to increase the microphone
positions can generally reduce the value of s(L',5 ), see Z.7. If necessary, ISO 9614(al parts) can be u

sed.

£ 2 The engine size shown in Figure 2 to Figure 6 is the size relative to-the measurement digtance, which

iving shaft,
tc., another
uch revised

<rsd <rsd =
<rsd | s | | s 1 & . o .
Vi

<rsd
[ ]
<rsd
[ ]
<rsd
L}
[ ]
[ ]
[ ]
[ ]
[ ]

7 / %

Figure 1 &—)Microphone positions on the measurement surface

s
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. 3

NOTE l|s (ry-2)d I, < (rs-2)d, I3 (ry - 1) d; one measurement unit. X

"

s

NOTE li<(rs=-2)d 1y (ry-2)d, (ry- 1) d<I3 < (2r, - 1) d; two measurement units.

Figure 3 — Microphone positions — Small size erected engine
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16 15 14 13
I 1 I 10 I 9 o
P e
17 S 1 = 12
5 ) 1 «
AN i)
6 7 3 ®
5?\ > s
I d

Q
N

NOTE 2(ri-1)d<I1;<(3ry-2)d I, < (ry- 2) d, I3 = (ry - 1) d; three measurement unit§\~q/

T

NS
Figure 4 — Microphone positions — Long size en %

i
33 32 3
19 AR 18
I A2 7 11
34 ] ._ LA
13 7 01
' 2°/_|5'5 St 23
35 |/ 20 -
14y 36 9
26],15 16 3/
Z D2 ?
!
27,7 | 28 21 a v
8 \0 N
. FS
/< X N4

NOTE (re-2)d<ly %&— 1d (ry-2)d<l<2(r,-1)d, (ry- 1) d <3 < (2r, - 1) d; eight measuffement units.
?99 Figure 5 — Microphone positions — Middle size engine
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42 41 40 39/
24 23 22
L Ais /A 13
43 j 8-—1—- 4/-—17'—- — o ©
16 .7 4 38
=
I/z"'s//_ 264 4 21 /1/2 29
44 45 37 -
33
|~ 3318 19 20 s 7
e
| 36 27 N

0T

|
|
N

Z/
R vl N-
pa h d /\@cb

©

2a

NOTE 2(rg-1D)d<l;<(Brg-2)d, (rg-2)d<,<2(rg-1)d, (ri-1)d<I3 < (erg—\&k 12 measurement upits.
o)
Figure 6 — Microphone — Large size é@ﬁgne

N

7.7 Criterion for position adequacy of microphones o
&
7.7.1 General @

X2
), of the meau\‘@und pressure level (A-weighted) measured ipn all

If the standard deviation, s(L'p Am

microphong positions (see 8.2) is less than or equal to 1,0 dB during the engine operation, the critdrion
for position adequacy of microphones is s@ied. If the standard deviation, S(Ep Am ) is larger than

1,0 dB, the measurement is not valid. @ .

NOTE1 The mean sound pressure Q and the surface sound pressure level measured in all microphone

positions ar¢ not exactly the sam@ut the standard deviation, S(LpAm )

reflects the jneasurement uncg%lty caused by acoustic condition, noise source characteristics, measurement

, of the mean sound pressure |level

distance, mi¢rophone positi d number.

NOTE 2  Iycreasing thﬁgasurement distance and the number of microphone positions can generally rgduce

the value of s( L'pA"&

NOTE3  Fpr 4,5
7o)

7.7.2 Reduction of microphone positions

see 8.2.

In practical measurement, the centre microphone position of each partial area can be only preserved

while ignoring the corner microphone positions, but the standard deviation s( LpAm ) of the measured

mean sound pressure level shall meet the requirement of 7.7.1. The difference in the surface sound
pressure level measured before and after reducing the microphone positions is used as a correction
value, the sound power level measurement result given in the final report is the summation of the sound
power level that is measured under reduced microphone positions condition and correction value, and
the number of measurement points shall be recorded.
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8 Calculation

8.1 General

This clause specifies the calculation methods of the standard deviation of the mean sound pressure
level (see 7.7) and the sound power level (A-weighted or frequency-band).

The A-weighted sound power level can also be calculated from frequency band levels in accordance
with Annex B which shall be stated in the report.

8 2 raP | ) PR £ ok . | pu S | F il £ o | i | A |
. LAItUuiativil vl Sudaiivdid ucviauuil Ul HIcdirn SvuIiiu pgrocosuic Icveios

’

The mean (arithmetic average) A-weighted sound pressure level, L',

expilessed in decibels (dB), shall be calculated using Formula (5):

NM
7
szAi
y =1

'pAm N

from all microphonle positions,

(5)

M
where

L'AI- is the sound pressure level measured at the ith micképhone position with the noisg source
under test in operation, in decibels (dB);

Vyy  is the number of microphone positions.

NOTE The subscript Ain L’ ,, represents A-weighted, m in L', ,, represents arithmetic average

The |standard deviation, S(LpAm

microphone positions, expressed in decibels (dB), shall be calculated using Formula (6):

), of thecmean A-weighted sound pressure level, L'pAm, from all

NM ’ 7 2
Z(LpAi ~Lpam )
;(L'A ): i=1 (6)
pam (N =) Ny
If s L'pAm ) < 1,0 dB;the measurement is valid. If S(EpAm ) > 1,0 dB, the measurement Js not valid.

Another measurement surface or a better test environment shall be chosen to cainry out the
meafurement.

8.3 | Calculation of sound power level

8.3.I Measured surface lime-averaged sound pressure levels

The measured surface time-averaged sound pressure level, Z (A-weighted or frequency-band), and

the measured surface time-averaged sound pressure level of the background noise, Lp(B) (A-weighted

or frequency-band), from the array of microphone positions over the measurement surface shall be
calculated using Formula (7) and Formula (8), expressed in decibels (dB).

Ny
- =10xlg NLZwO'“pi (7)
M i1
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N
— 1 3, 0L g
L, =10xlg N—Zm pi(B)

M j=1

(8)

where Lpi[B) is the sound pressure level (A-weighted or frequency-band) of the background noise

measured a

t the ith microphone position, in decibels (dB).

8.3.2 Corrections for background noise

The background noise correction, K; (A-weighted or frequency-band), expressed in decibels (dB), shall

be calculatgd-asinsEormuta{9):

K, =—10><lg(1—10_0‘1ALP) 9)
where AL, |is the difference between the measured surface time-averaged sound{pressure [evel
(A-weighted or frequency-band) and the surface time-averaged sound pressure level'ofthe backng‘llmd
noise (A-wgighted or frequency-band) from the array of microphone positions oves the measurement
surface, with the noise source under test in operation, i.e. ALp = L[') _Lp(B) ,in decibels (dB).

If AL, > 1p,0 dB, K;, is assumed to be zero and no correction for background noise is appligd. If
6,0dB < AL;A <15,0dB, corrections calculated with Formula (9) shall be.applied,i.e.0,1dB<K;, < 1,8 dB.
IfAL,, < 6,0 dB, i.e. K;4 > 1,3 dB, the measurement is not valid.

NOTE If|K; 5 > 1,3 dB, the measurement results of the sound power level do not satisfy the accuracy grqde 2,
but the meajurement result corrected by K; 5 = 1,3 can be useful forindicating an upper boundary to the spund
power level ¢f the noise source under test.

8.3.3 Enyironmental correction

Determine the environmental correction, K, (A-wéighted or frequency-band), according to Annex A.
The measuffement is valid if K, , < 4,0 dB angd-is'not valid if K, , > 4,0 dB.

NOTE If|K; 5 > 4,0 dB, the measurementiresults of the sound power level do not satisfy the accuracy grdde 2,
but measurement result corrected by K,4=4,0 dB can be useful for indicating an upper boundary to the spund
power level ¢f the noise source under t€st:

8.3.4 Surfface time-averaged sound pressure level

The surfacejtime-averagedsound pressure level, E (A-weighted or frequency-band), shall be calculated
by correctinmg the measured surface time-averaged sound pressure level, Z (A-weighted or frequgncy-
band), backgroundwnoise, K; (A-weighted or frequency-band), and the influence of the test environment,
K, (A-weighted or frequency-band), using Formula (10), expressed in decibels (dB).

Lp= p—K1 -K, (10)
8.3.5 Sound power level
The sound power level, L, expressed in decibels (dB), shall be calculated using Formula (11):

LW:Lp+10><lg(S/SO) (11
where

16
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is the area of the measurement surface, in square metres (m2);

is equal to 1,0 mZ2.

1:2020(E)

Atmospheric pressure and/or a temperature create a bias in the radiation of sound power. At altitudes
higher than 500 m above sea level and/or temperatures below 10 °C, the sound power levels, Ly ef atm
corresponding to the reference static pressure 101,325 kPa and reference atmospheric temperature
23 °C shall be calculated in accordance with Annex C and stated in the report.

9 Information to be recorded

The
a)

b)

1)

)

1)

information below marked with * shall be recorded in the report, others are optional:

Fngine under test

Acoustic environment

the description of the engine under test including the type*, specifications (i.e. for
of strokes, number of cylinders, cylinder bore, stroke displacement™, appearance
type of cooling*, ISO standard power* and corresponding speed*), serial nu
manufacturer;

the type of fuel used and its octane or cetane number;

the injection timing (static and dynamic) for diesel ehgines or the ignition timing
dynamic) for petrol engines;

the character of the foundation bed* and the connection type with the engine* (¢
rigidity);

the connection type of the engine and the;/dynamometer* (elasticity or rigidity);

the mounting conditions, includingcheight of the crankshaft centre and oil pan bd
the reflecting plane*;

the description of dependentyauxiliaries*, including air filter, exhaust silencer
cooling fan (if any), encapsulation (if any);

the engine power* and the corresponding speed* of rotation during noise test.

the description of the test environment (including the nature of the floor, walls
and the sketch showing the location of the noise source under test and any other
the room);

thecdescription of the acoustical qualification of the test environment* in acco
Afinex A;

m*, number
Himensions,
mber*, and

(static and

blasticity or

ttom above

if any) and

and ceiling,
contents of

dance with

thedescriptiomr of theambientcomditionrs rearthe Toisesource umder—test—i
barometric pressure*, air temperature*, relative humidity and wind speed*).

Description of instrumentation

1)

2)

the equipment used for the measurements®* including the name, type, serial n
manufacturer;

cluding the

umber, and

the date*, place*, results* and methods* used to calibrate the sound calibrator and to verify the

calibration of the instrumentation system;

© IS0 2020 - All rights reserved
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3) the characteristics of the microphone windscreen, if any.
d) Acoustical data
1) the measurement method* and accuracy grade*;

2) the dimensions of the reference box* measurement distance*, microphone positions* and
number and revised microphone positions* (if any, see 7.6);

3) the sound pressure level measured at the ith microphone position with the noise source under
test in operation*, L' ., and the standard deviation of the averaged sound pressure level*,

S(Lpam)

pi’

4) thgcorrection(s) * Kj 5, to account for background noise;

5) thegcorrection(s)* K,,, to account for the test environment, and the method from Annex A pised
to determine it (them)*;

6) thesurface time-averaged sound pressure levels*, E;
7) thesound power levels*, Ly,

8) theldate, place and performing person for the measurements.

10 Test report

Test report] should record the data and information requirgd in Clause 9 which only provideg the
measurement results of the sound power level (A-weighted or frequency-band). The report shall
specify that the measurement is made in full conformitywith the requirements of this document and
the test respilt meets the requirement of accuracy grade 2. The report shall also contain any statenjents
required to|be reported in some clauses of this doctment.

The measufement results of sound power levél (A-weighted) in the report should be rounded ta the
nearest 0,1 [dB.
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Annex A
(normative)

1:2020(E)

Qualification procedures for the acoustic environment

General

This
beu

The
sour
test
undg

The
of th
app1]
eithg
mea
cani

A2

Are
test

test,
shal
sour
corr

The

whe

annex specifies procedures to determine the environmental correction, K,. These‘pro
ced to qualify a given measurement surface of an actual noise source under test:

first qualification test (absolute comparison test, see A.2) is carried out with a refer
ce (RSS) and can be used outdoors and indoors. This is the preferred precedure for
environment, particularly when data in frequency bands are requiredf@nd when the 1
r test can be removed from the test site.

second qualification test (method based on room absorption, sée A.3) requires the de
e equivalent absorption area, 4, of the test room, and is based ‘on the assumption that
oximately cubic and empty, and that sound is absorbed at the' room boundaries. A can b
br by measurements of sound pressure levels from the hoise source under test using 4
surement surface or by measurements on a referencessound source. If the noise sourc
ot be moved and if its dimensions are large, one of these is the preferred method.

Absolute comparison test

ference sound source meeting the requirements of ISO 6926 shall be mounted on the g1
environment, in essentially the samejcentre of the undersurface as that of the referenc

be the same as that of the noise_source under test. The sound power level of the refej
ce shall be determined in accordance with the procedure of Clause 7 without the eny
pction, K, (K, is assumed to\be zero).

environmental correetjon, K,, expressed in decibels (dB), is given by Formula (A.1):
Ko =Ly _LW(RSS)

e

[* 1, \»~Is the environmentally uncorrected sound power level of the reference sound s¢

when using the value 0 for K,, in decibels (dB);

redures can

ence sound
qualifying a
oise source

ermination
the room is
b calculated
| secondary
e under test

ound in the
e box under

The measurement surface, microphone positions and number for the reference sgqund source

ence sound
ironmental

(A1)

urce

Lyy(gss) is the sound power level of the calibrated reference sound source under the

meteorological conditions of the test, in decibels (dB).
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A.3 Determination of the environmental correction based on room absorption

A.3.1 General

The environmental correction, K,, expressed in decibels (dB), shall be calculated from Formula (A.2):

S
K, =10xlg[1+4z}

where

(A.2)

A st

S st
A.3.2 Tw
This test m

Two surface
surface, in

first surfac
the first suy

he equivalent sound absorption area of the room, in square metres (m?);

he area of the measurement surface, in square metres (m?2).

b-surface method
pthod shall be used only in rooms where K, < 2 dB.
hccordance with Clause 7, for the determination of the sound power level. The area o

p shall be designated S;. The second surface with area S, shall be geometrically simil
face and located further away and symmetrical with respect to the noise source under

sthat surround the noise source shall be selected. The first surfaceshall be the measurement

f the
hr to
test.

On both suifaces, the background noise criteria specified in 4.2 shall‘be fulfilled.

ratio

3) is

The microphone locations on the second surface shall correspond to those on the first surface. The
S,/S; shall pot be less than 2 and preferably should be greaterthan 4. The ratio S; /A in Formula (A
calculated firom:

4(M-1)

Tu(s,/5,) A2

is the surfaee time-averaged sound pressure level on S;, see Formula (7), corrected fof
backgroundhoise but not for the influence of the environment (see 8.3.4), in decibels (dB);

)

is the'surface time-averaged sound pressure level on S,, see Formula (7), corrected fo

baekground noise but not for the influence of the environment (see 8.3.4), in decibels (dB);

is the area of the first measurement surface, in square metres (m?);

is the area of the second measurement surface, in square metres (m?).

The environmental correction K, for A-weighting or in frequency bands is obtained from Formula (A.2),
with the S; /A ratio calculated from Formula (A.3).

A.3.3 Determination of the equivalent absorption area A with a reference sound source

A reference sound source meeting the requirements of ISO 6926 shall be mounted on the ground in
the test environment and hemi-anechoic room respectively, in essentially the same centre of the
undersurface as that of the reference box under test, the same measurement surface, the same
microphone positions and number as that of the noise source under test. The sound power level of the
reference sound source shall be determined in accordance with the procedure in Clause 7 without the
environmental correction (K, is assumed to be zero).
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The environmental correction of the measurement surface, K,, expressed in decibels (dB), is given by

Formula (A.4):

Ky =Ly Ly (say (A.4)

where

L*y,  isthe environmentally uncorrected sound power level of the reference sound source
when using the value 0 for K,, in decibels (dB);

Esa) 1S tiresourd power fevetof threreference soumnd source measured firtrenmi=amrecimic room
under the meteorological conditions of the test, in decibels (dB).

The pquivalent absorption area, 4, is then calculated using Formula (A.5):

45

= A5
10916z 1 (45)

whefe S is the area of the measurement surface, in square metres (m?2)

Then the environmental correction K, of other measurement surfacgis obtained from Fornjula (A.2).

© IS0 2020 - All rights reserved 21


https://standardsiso.com/api/?name=5585a93990cd5b5cccf2a2cf7ff06c39

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms, definitions and symbols
	3.1 Terms and definitions
	3.2 Symbols
	4 Test environment
	4.1 General
	4.2 Criterion for background noise
	4.3 Criterion for acoustic adequacy of test environment
	5 Instrumentation
	5.1 General
	5.2 Calibration
	5.3 Application
	6 Installation and operation conditions
	6.1 General
	6.2 Installation conditions
	6.3 Engine conditions and operation conditions
	6.3.1 Engine conditions
	6.3.2 Operating conditions
	7 Measurement
	7.1 General
	7.2 Measurement uncertainty
	7.3 Reference box
	7.4 Measurement distance
	7.5 Measurement surface and area
	7.6 Microphone positions
	7.7 Criterion for position adequacy of microphones
	7.7.1 General
	7.7.2 Reduction of microphone positions
	8 Calculation
	8.1 General
	8.2 Calculation of standard deviation of mean sound pressure levels
	8.3 Calculation of sound power level
	8.3.1 Measured surface time-averaged sound pressure levels
	8.3.2 Corrections for background noise
	8.3.3 Environmental correction
	8.3.4 Surface time-averaged sound pressure level
	8.3.5 Sound power level
	9 Information to be recorded
	10 Test report
	Annex A (normative)  Qualification procedures for the acoustic environment
	Annex B (normative)  Calculation of A-weighted sound power levels from frequency band levels
	Annex C (normative)  Sound power level under reference meteorological conditions
	Bibliography

